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l^ier^aticmbetvi^  th^  Mecding  tinie,thepeiipherdi^^ 

bipod  shed  atthe  templ^  Weeding  time  site  - 

itkticmm^7M>diyidu^s:  26  wem  patients 

bleiidingdiso^.Md^M^nc^si^6Ct^^ 

74  ±  ^  the  arnpum  of  shedWoo^^  patients  with  ITP  the 

blee^g  lime  w«  140  ±  44  50844: 387  pi.  In  the  group  of 

individuals  with  other  misceU^eous  Weeding  diio^;  Aeinean  bleeding  time  was  9.0  *  3.5 
minutes  and  the  amount  of  shed  blood  was  2244  ±184  iU/  Bl^  from  all  of  the 


normal  and  abnOTmal  individuals  showed  a  coirelation  trf  0.75,  p<0:001  with  respect  to  the 
amountofshedbloodon  thefilterpaperanda(^latfonaf048,p<:.(K)l  with^^^ 
peripheral  venous  hematocrit  There  was  also  a  significant  correlation  between  the  bleeding  time 
and  the  platelet  count  (r =0.43,  p<0.05).  in  patients  with  HP.  This  study  demonstrates  that  the 
volume  of  blood  shed  at  the  bleeding  time  site  correlates  with  the  peripheral  venous  hematocrit. 

and  emphaskes  the  contribution  of  the  hematocrit  to  primary  hemostasis  in  normal  subjects  and 
patients  with  bleeding  disorders. 


Key  Words:  Bleeding  time,  hematocrit,  thrombocytopenia,  hemostasis 
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INlTRODUCilON 

The  bleeding  time  is  a  coiniiKjnly  used  test  for  assrashighetnostesis,  Its  prinJ^ 

application  has  been  in  the  ev^uation  of  platelet  function  and  the  platelet  related  bleeding—— 

disoiders(l^).  However,  them  has  been  much  cbntrovei»y  regaining  the  utitity  of  the  test. 

Factors  usually  viewed  as  causing  variability  in  the  bleeding  time  testinclude  small  variations  in 
technique  between  operators,  direction  andplacementof  the  incision  on  the  ami,  skin 
teanperatuie.and  peripheral  venous  hemat^  A  re<»nt  review  of  the  bleeding  to 

by  Rodgers  and  Levin  (3)  reported  that  the  bleeding  time  test  has  tittle  or  no  predictive  vidue 
regarding  surgical  bleeding.  While  various  modifications  of  the  bleeding  time  teat  have  been 
intioducedto  provide  more  standardization  (3),  the  teat  stiU  retains  a  high  degree  of  unexplained 
variability  and  the  preopetative  bleeding  time  does  not  generally  correlate  with  total  surgical 

.  A  recent  study  in  rabbits  reported  a  significant  correlation  between  bleeding  in 
thrombocytopenic  rabbits  and  the  hematocrit  (7).  In  addition,  some  clinical  studies  (7-16)  have 
correlated  the  volume  of  shed  blood  collected  at  the  remplate  bleeding  time  site  to  the  bleeding 
time.  The  effect  of  peripheral  venous  hematocrit  which  has  been  demonstrated  to  have  a  high 
correlation  with  bleeding  time  (15)  has  riot  been  assessed  with  respect  to  blood  lost  during  the 
bleeding  time  determination. 

Willoughby  and  Affington(lO)  and  Zeigler  (16)  described  tire  quantitation  of  the  blood 
shed  bfron  the  incision  during  the  modified  Ivy  bleeding  time  by  subtracting  the  weight  of  the 
filter  paper  prior  to  the  bleeding  time  ftom  the  weight  of  the  filter  paper  plus  dried  blocri 
collected  during  the  bleeding  time.  A  comprehensive  study^of  the  relation  between  the 
preoperntive  bleeding  time  and  the  dried  shed  blood  on  the  filn^  paper  in  patients  undergoing 
coronary  bypass  surgery  has  been  reported  (6).  However,  the  wl^ght  of  the  dried  filter  paper 
docs  not  take  the  effects  of  the  hematocrit  into  account  as  it  only  measures  the  weight  of  the 
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dried  heitiQglobin.  Nor  does  it  consider  changes  in  the  weight  of  the  filter  pape^  due  to  toe 
degree  of  humidity  in  toe  Office  or  laboratory,  a  factor  which  is  tofficult  to  opntto\(l'7). 

Therefore,  we  modified  the  method  ttfZeiglcr  (lej)  according  to  the  technique  of  Hallbcrg  and 

Nilsson  (18,19)  of  eiutingthe hcmogloWinon  toe filterpaperandmeasutingit 

spectrophotometrically..  Using  this  method  to  quantitate  the  blood  collected  on  the  filterpap^ 
during  the  measurenient  of  the  tenqilate  bleeding  time,  we  have  assessed  the  relatians  between 
bleeding  time,  toe  volume  of  shed  blood  collected  at  toe  template  blcetong  time  site^  and  toe 
peripheral  venous  hematocrit  in  normal  subjects  and  those  with  bleeding  disorders.  To  furtoer 
eliminate  variables,  all  bleeding  time  tests  were  performed  by  a  single  experienced  operator  in  a 
room  with  a  constant  ten^ierature. 
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■methods' 

■'I.'''  SUBJECTS'-;..' 

Twenty-six  determinations  wete  ina^  in  p^rats  with  TIP,  and  137  dctentiinntiona  in  ^ 
patients  tecelved  fbr  evalaation  bf  a  bleeding  disorder  other  than  TEP,  There  were  more 

women<97)tomen 

noted  in  other  stages  (15,20):^  T^e  patients  with  bleet^g  disord^pthw^*^ 
into  the  following  diagnostic  Categories;  von  Wdlebrand's  disease  <33),  Mopatiuc 

prolonged  bleeding  tiixK  (14);  suspected  drag  sensitivity  (1 6).  myelo^^  ^ 

disease(18).  lymphoproliferarive  disease(lO),  collagen  vasenkr  diseases  (12),  and  stmage 
pool  disptdeis  (3).  Thirty-one  determinations  were  performed  on  individuals  for  whom 
eventually  no  specific  diagnosis  was  found  to  explain  thdr  bleeding  tendency.  Their  test 

rosults  were  compared  to  the  results  of  64  detemtinations  in  hematologically  normal 

individuals.  A  total  of  22?  bleeding  times  were  performed  in  which  the  amount  of  shed 
blood  was  measured  Informed  consent  wm  obtained  prior  to  all  studies. 

U.  BLEEDINQTIMES  ^ 

Bleeding  times  were  modified  (21)  from  the  method  of  Buchanan  and  Holtkan:ip(22) 
using  the  Simplate  n  device  (Organon  Teknika,  Jessop,  MD).  All  detraminations  were 
performed  by  placing  the  device  firmly  against  the  forearm  in  the  petpendicular  (vertical) 
position  relative  to  the  elbow  crease(21-24).  The  length  of  the  incision  was  5  mm.  The 
drops  of  blood  flowing  from  the  wound  were  ^ntly  collected  by  touching  the  edge  of  the 
Whatman  #1  filter  paper  to  the  blood  every  thirty  seconds  until  bleeding  ceased  All 
tests  were  performed  by  a  single  experienced  person  (Jl^)  in  a  room  with  a  constant 
temperature  of  TO^F  (24). 
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in.  HEMOGLOBIN  elution 

After  completing  the  bleeditlg  fin«^  »  air  4ry 

Aon  wasrolled  into  a  snuOl  cycEnifeiihdi^ 

NaOHClS).  The  tube  was  gendy  iwkedfor  fiveto  six  hpms  to  elute  the  hemo^nhin  i  ^  g v 
Standards  Were  prepared  using  imown  fmniouiits  of  ncrtmalfteshblood  ^ted  ih  IQ 
;  5%  NaOH.  The  absorbance  of  each  dilution  was  read  ajgainst  5%  NaOH  at  d46A  in  a  v. 
Gilford  spectrophotometer,  and,  using  linear regressipn,  the  slopeof  die  ^ 

tte  stand^dis  versus  their  Values  was  determined.  As  an  assay  control,  one  day  prior  to 
the  assay  a  blood  sample  was  selected  and  100  |4l  of  well  mixed  blood  were  pipptt^ohto 

a  filter  paper  in  spots  to  mimic  the  patt^  of  a  bleeding  time.  Duplicates  were  prepared 
These  were  dried  overnight  and  eluted  in  the  same  manner  ^  the  filter  papers  used  to 
perform  the  bleeding  time  determinations.  An  identical  quantity  of  the  same  blood  was 
placed  directly  into  10  ml  5%  NaOH.  The  amount  of  blood  placed  on  the  filter  paper 
imd  in  the  test  tube  was  calculated  and  tiicse  controls  were  always  determined  to  be 
within  ±  1  mg  of  each  otfjer.  The  results  which  were  expressed  as  mg  of  honoglobin 
were  converted  to  |Xl  whole  blood  using  each  patient's  peripheral  blood  hemoglobin  level 

measured  on  the  day  of  the  bleeding  time  study. 

IV.  HEMATOLOGIC  MEASUREMENTS 

Hemoglobin  levels  and  platelet  counts  were  measured  froth  blood  collected  in  lavender 
topped  vacutainer  tubes  (Na2  EDTA)  on  a  Coulter  Counter,  Model  T540  (Coulter 

Electronics.  Hialeah,  FL). 

V.  STATISTICAL  ANALYSIS 

The  mean  and  standard  deviation  (SD)  was  calculated  foXeach  parameter  measured  in 
each  group  studied.  The  means  of  the  groups  were  compared  using  factorial  ANOVA 
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^  coefficients  (r),  and  multiple  iBiression  ^yses 

wer^  used  fe  measine  the  relation  between  the  parameters  stadiecL  Since  all 
measureineiite  were  perfonned  on  all  of  the  individuals  studiedt  the  tuunbeT  of  samples 
(N)  in  jpx>up  lemains  consistent  (see  Methods  !•  Subjects),  A  significance  limit  (p) 
of  <0.05  was  considered  significant  for  all  tests. 
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•RESULTS^'  ■ 

Hematological  ^s»«ee(Brig^ 

(lOofclifferericeslnfe  Themea^ 

Weeding  tune  In  the  n  d:  thinntes  CTable  1)  whidi  lower 

than  the  other 

bleeding  disorder wak^tal^^  W^og  time  was  9.0  ±  3.5  minutes  with  224.7  ± 

184  ml  of  shed  blood  for  a  itjcaan  blo^losfi  rate  of  2^^^  In  pe^tits 

AirtthTlT  the  mean  blec^ngtiraBwail4X)  ±4.1 

508.1  ±  387  iilCTable  1).  In  patients  with  HP  the  mean  platelet  count  was  62.3  ±27.5  x  lO^/L 
(Table  1).  Regression  an^ysis  resnlts  of  ble^ng  time,  hematocrit  (Hct)  and  platelet  count  (Pit) 
vs.  total  lUWB  sited  ai)d  average  WB  shed  per  minute  are  shown  in  Table  2,  The  relation 
between  bleeding  dme  and  shed  blood  for  all  patients  is  shown  in  Fig  1.  and  for  patients  with 
bleeding  disorder  in  Fig  2.  The  relation  between  hematocrit  and  shed  blood  is  shown  in  Fig  3 
for  normal  subjects.  There  was  a  significant  correlation  between  bleeding  time  and  platelet 
count  in  the  ITP  group  (r  !==  0.43,  p<.05,  Figure  4).  There  was  an  overall  correlation  between 
hematocrit  and  bleeding  time  in  the  entire  population  studied  with  an  r  of  0.28  (p<0.00l.  Table 
2).  A  significant  coirelktion  was  observed  in  the  normal  group  with  the  pi  of  shed  blood 
correlating  with  peripheral  bemaiocrit.  (r  =  0.32,  p<0.01.  Table  2)  and  in  the  group  with  bleeding 
disorders  (r=0.26,  p<0.01 ,  Table  2). 
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'tascussioN 

Our  data  show  that  normal  individuals  and  those  'ndth  bleeding  disorders  who  have 
higher  hematocrits  have  shorter  bleeding  times  and  less  blood  shed  at  the  site  of  bleeding  times 
dian  do  subjects  with  lower  hematocrits.  Hiere  has  be«i  interest  in  the  role  of  the  henaatocrit  nn 
bleeding  going  back  to  the  orig^al  demonshration  by  DuIm  in  1910(25)  that  bleeding  thnes 
improved  after  cotrecdon  of  anenda  by  transfusion  of  packed  red  blood  cells,  a  finding 
confirmed  in  mcve  recent  studies  of  patients  >^th  anemia  due  to  renal  fai)ure(5, 26-19).  In  the 
study  of  Gerraixl  6t  al(15),  the  ccmelation  betwera  hematocrit  and  bleeding  time  was  greater  than 
any  other  abnormality,  including  die  phitelet  count,  platelet  aggregations  to  collagen, 
epinephrine,  ADP  and  arachadonic  acid,  von  Willebrand's  factor  antigen,  patient  age,  platelet 
adhesion  to  glass  beads  and  prothrombin  coijisumption.  The  effect  of  hematocrit  in  reducing 
bleeding  has  been  attributed  to  the  release  of  a  platelet  aggregating  factor  from  the  red  blood 
cells(2-Q,  a  factor  later  iden^ed to  be  ADP(28).  Another  line  of  investigation  has 
demonstrated  that  a  rheological  effect  of  hematocrit  was  also  involved;  Tuiiito  and  Weiss(30) 
demonstrated  that  platelet  deposidon  on  the  subcndothelium  was  propordonal  to  the  hematocrit 
of  the  flowing  bipod,  Ihe  present  study  supports  the  positive  relation  between  hematocrit  and 
bleeding  time  as  well  as  actiial  blood  loss  in  a  group  of  subjects  who  were  either  normal  or  who 
had  bleeding  disorders  other  than  ITP. 

In  patients  with  HP  the  stronger  correlation  of  the  platelet  count  in  predicting  the 
bleeding  time  probably  obscured  the  role  of  hematocrit  in  this  setting.  In  addition,  the  relatively 
normal  hematocrits  in  virtually  alt  of  the  FTP  patients  probably  did  not  provide  enough  variation 
in  hematocrit  to  see  the  strong  effect  demonstrated  betweei:^  bleeding,  thrombocyh^enia  and 
hematocrit  by  Blajchman  et  al(7)  in  rabbits  and  by  Gerrard  et  ^  in  patients  with  bleeding 
disorders(15).  Moreover,  the  younger  age  and  size  of  the  platelt^s  in  rrP(31)  may  have  altered 
the  relationship  between  the  bleeding  time  and  hematocrit  obseivcd  in  normals  and  patients  with 
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Weeding  disonterji  Experimental  studies  have  goicrally  supported  ncgadve  coirelatioil  between 
hematbdrit  and  bleeding;  Hopkins  et  al  (32)  measured  the  rate  of  bleeding  from  standardized 
wounds  in  rats  with  vaiying  levels  of  hematocrit.  In  that  study  packed  red  blood  cells  were 
administ^d  to  animal  pairs  selected  at  random  to  increase  hemaiocriL  Their  results  showed  a 
significant  inverse  correlation  of  the  rate  of  bleeding  with  hematocrit  (r = -0.44»  p<0.0l  n«*75Y. 
As  mentioned  earlier,  Blajchman  et  al  (7)  showed  a  strong  effect  of  decreasing  hematocrit  on 
enhanced  bleeding  in  thrombocytopenic  rabbits.  In  contrast,  Cadioy  and  Hanson  (33) 
demonstrated  a  prolongation  of  bleeding  time  in  normal  baboons  with  low  as  compared  to  high 
or  normal  hematocrits,  but  they  did  not  consider  the  prolongation  rignificant.  Species 

differences  may  mcplain  the  variations  in  the  relation  between  bleeding  time,  blood  toss  and 
bematocrit  in  these  studies. 

The  present  study  confirms  the  finding  of  Sutor,  Bowie  and  co-authors  (1 1-14)  tiiat  the 

intensity  of  bleeding  is  greater  in  patients  with  bleeding  disorders  and  platelet  dysfunction  than 
normaL  The  magnitude  of  bleeding  that  we  observed  was  greater  than  that  of  Sutor  et  al(ll), 
both  in  normal  subjects  and  in  patients  witii  bleeding  disorders.  This  difference  is  explained  by 
the  difference  in  liieir  technique,  which  involved  a  light  superficial  puncture(0.8  - 1.2  mm) 
versus  a  fmtnly  applied  5  mm  incision,  which  results  in  wound  gaping  and  a  consequent  release 
of  a  greaier  amount  of  blood.  Bleeding  times  in  this  study  were  of  similar  magnitude  to  those 
reported  by  Qerrard  et  al  (15).  They  found  a  mean  bleeding  time  of  9.48  ±  3.3  minutes  similar  to 
our  finding  of  9.0  ±  3.5  minutes  in  bleeding  patients.  Differences  in  the  performance  of  bleeding 
times  and  collection  of  shed  blood  emphasize  the  importance  of  standardized  technique  and  the 
difficulty  that  arises  when  studies  done  by  different  techniques  are  compared  (3,4). 

i 

\ 

The  present  study  supports  the  generalization  that  when  a  highly  standardized  bleeding 
time  test  Is  performed  the  amount  of  shed  blood  correlates  signi^antiy  with  the  bleeding  time  in 
normal  individuals  as  well  as  patients  with  bleeding  disorders.  This  suggests  that  the  bleeding 


time  test  should  predict  excessive  bleeding  during  and  following  surgery.  Why  tins  prediction 
differs  fhom  observations  that  Indicate  the  blee^g  dime  te^  dora  not  coneiate  with  total  surgical 
bleeding(24,Q  deserves  further  considc^tion.  Most  blood  lost  during  surgery  comes  from  the 
Evening  of  reiatiyedy  large  blood  vessels,  and  is  due  to  incomplete  ligation  or  cautery  of 
stngicBlly  divided  bltmd  vessels,  cn*  failure  of  ligation  or  cautery  of  previously  divided  blood 
vessels  (surgical  bleeding).  The  letnainder  is  related  m  microcapillary  oozing  (nonsurgicBi 
blee^g).  The  ptmr  pr^ictive  value  of  the  bleeding  time  probably  Sterns  from  the  difficulty 
encountered  in  designing  studies  that  separate  suigicBl  from  nonsurgical  bleeding.  Our  data 
suggest  that  the  bleeding  tiine  test  should  coneiate  with  nonsurgical  bleeding  since  the  amount  of 
blood  shed  at  the  site  of  the  incision  is  strongly  correlated  with  the  duration  of  the  bleeding  time. 
Clinical  studies  are  indicated  to  assess  the  clinical  impact  of  variation  in  hematocrit  on  bleeding 
in  the  pmiopemtive  period.  A  major  challenge  in  the  design  of  these  studies  will  be  to  separate 

I  '  '  1 

surgical  horn  nonsurgical  blood  loss  since  the  volume  of  blood  shed  during  the  bleeding  time  test 
should  have  predictive  value  only  for  that  portion  of  the  total  blood  loss  tiiat  was  nonsurgical. 
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Bleeding  Time,  minutes 


Figurel :  The  relation  of  bleeding  time  to  shed  blood  for  aU  patients 


Shed  Blood,  f/l 


Bleeding  Time,  minutes 


Figure  2:  The  relation  of  bleeding  time  to  shed  blood  in  patients  with 

bleeding  disorders 


Figi^eB:  The  relation  between  hematocrit  and  shed  blood  in  nnfmaT 

individuals 
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Platelet  Count  x  1 0  /ml 


Figure4:  The  relation  between  blading  1^  platelet  count  in  pafiehts 
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Table  2 


Regression  Analysis  of  Bleeding-Times  and  ShedBlood  Measnrements  withPlamIe, 

Counts  and  Hematocrits 


BT  vs  //I  shed 
BT  vs  ;/I/min 
PItvsBT 
Pit  vs|/l/min 
Pit  vs  jL/l  shed 
BT  vs  Hct 
IJ\  shed  vs  Hct 
/i/l/min  vs  Hct 


All 

r,P 

0.75,  0.001 
0.4,  0.001 
0.34,0.001 
0.07,  NS 
0.23,0.001 
0.28,  0.001 
0.27,  0.001 
0.24,0.001 


Bleeding  Patients  UP  Patients 


r.P 

.0.61,  0.001 


0.34,  0.05,  0.05,  NS 


r.P 

0.73,  0.001 
0.30,0.001 
0.19,0.05 
0.05,  NS 
0.05,  NS 
0.27,0.01 
0.26,0.01 
0.22,  0.05 


0.43,  0.05 
0.2,  NS 
0.32,  NS 
0.21,  NS 
0.35,  NS 
0.32,  NS 


Normal 

r,P 

Q.47,  0.001 


0.07,  NS 
0.3,  0.05 
0.24i  NS 
0.34,  0.01 
0.32,0.01 
0.16,  NS 


